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ABSTRACT
Laboratory incubation studies were earned out on a mixture of neem seed cake (20)
and soil (I00g) to assess the N minerdizable potential of ncetn seed cake. Moisture
content of the mixture was maintained by periodic addition of didtilled water and the
mixture was incubated at laboratory temperature for 14 weeks. During this time, KC1
extracts of the soil/nccm seed cake mixture were periodicaly anaysed lor KI'I,' - N and
Nos - N. The pH of the extracts were also determined.

Simple firg order and modified first order E rate equations were fitted to the data
obtained to quantify the potentially mineralizable N. Statistical treatment indicated that the
modified first order E model gave a better fit than the classicd first order moddl. From the
caculated haf lives, smple first order and modified first order E equations indicated that
neem seed cake could be added to soil at 4V, and 6 weeks respectively alter planting (for a
maize that tassels at the 8th week of planting). This would ensure that hdl ol the

potentialy mineralizable N would be available for the maize utilization.

Trvee cropping sessions of 6 weeks each were conducted in green house studies.
At the end of every cropping, the shoot dry matter yidd (SDMY), root dry meatter yied
(RDMY), nitrogen uptake of shoot (NS), nitrogen uptake of root (NR). and soil pH were
determined. Soil available P was aso determined at the end of first cropping.

The response to the application of neem seed eske in the trids as reflected in
SDMY, RDMY, NS and NR indicated sgnificant difference from the control experiment.
Urea fertilizer and its interaction with the neem seed eske increased the dry matter yidd
and N uptake as compared to control. The interactive effect of neem seed eske and urea
gave better response when 80kgN ha of urea were applied than when 40kgN ha of urea
were used as reflected in dry matter yield and N uptake. All the soil amendments increased
soil acidity relative to control experiment. All the plants exhibited V deficiency symptoms
a lirst cropping.

vii
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CHAPTER ONE
INTRODUCTION

Soil is the medium for the production of food by man. It is, lhcrcforé, important

that the soil be well managed so that its exhaustion and degradation will be minimized

(Abdulralunan, 1989).

About three quarters of Nigeria's total land area lies in the Savanna region.
Savanna soils are predominantly sandy in nature and have inherently low fertility status
(Jones and Wild, 1975). Nitrogen and phosphorus deficiencies are widespread in soils. It
is no exaggeration that crop growth is lunited more often by N deficiency than by any other
nutrients. Plants absorb their N in the form of NIL and NO;. The amount of N taken
up by plants depend on what is supplied Irom inorganic fertilizers and mineralization
{conversion of ofgam'c N into inorganic N) from soil organic matter (SOM). The amount
of N obtained by the plants from SOM depends on the balance between mineralization,
immobilization (conversion of inorganic N into organic N), and losses from volatilization

(Tisdale and Nelson, 1975).

RS—

In Nigeria, projected fertilizer import for direct consumption in 1994 was about
850,000 metric tonnes with an estimated subsidy of 8.7 billion naira (Ogunfowora, 1996).
The benelit of inorganic fertilizers in food production, and their adverse ellects on
Savanna soils are not yet fully documentcd.  However, long-term use of inorganic

fertilizers has a polential of inducing soil acidity and nutrient imbalance (Bache and
Heathcole, 1969).

In view of the enormous costs and subsidies that go into the procurement of
inorganic fertilizers, #t is imperative that alternative soil management technologies which
does not rely only on inorganic fertilizers but utilize locally avaiable organic malerials to

supply the needed requireiment be developed.

An on-going project at the MNational Research Institute for Chemical Technology,
Zaria deals with extraction of oil from ncem seeds {or industrial and pharmaceutical uses.

The by-product hereby and thereatter referred to as neem cake, has about 6-7% N and

1



42% profein. It i8 the hypothesis of this study that neem cake may have agronomic value if
N in the cake can be readily mincralized for plant use. This will reduce the dependence on
tnorganic N fertilizer. This study is therelore to demonstrate the potential for improving
the N fertiity of Savanna soils by neem cake. The neém tree is a welt adapled plant in all

the ccological zones of Nigeria (Jackai, 1993).

The objectives of this study are:
(1)  To assess the potentially mineralizable N in ncem cake

(2) To determine the effect of neem cake nn maize dry matier vield and N uptake

under green house conditions.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Neem and its Origm

Neem tree belongs to Mahogany family, Maliaceae, and is classified as .4zadirachta
Indica A. Juss. lts origin is uncertain, Some have suggested that it is native to the Indian
subcontinent, while others attributed it 1o dry Torest areas of South and Southcast Asia
(NRC, 1992). Neem was reporiedly brought to Afiica earlier this century.  Since then it
has spread to many countrics patticularly South of the Sahara where it provides both fuel
and lmnber. In Nigeria, it has been successfully planted in Bormo areas.  In the 1930
several thousandd of scedlings from the fust plantaion were replanted in Sokoto, Katsina,
and Kano provinces. Today, there arc considerable plantations for firewood and

construction materials throughowt Northern Nigeria (NRC, 1992).

2.2 Economic Importance ot Neem .

Neem has a potential for conteolling insects (Schenulterer, 1985, 1990; Jacobson,
1986). Lxtracts lrom its bitter seceds and leaves have insecticidal effects (NRC, 1992).
Schimulterer (1990) reported that when 4 locust nyimphs were treated with neem oil, only 3
got hall way out of terminal molt and died. The fourth molied completely but had fatal
defonmilics. .Applicalion of ncem oil extracts to the larva of Gypsy molt resulted in_an

incomplete moll.  ‘The nymphs of the vanegated grasshopper, Zonocerus variegatus,

treated with neem extracts emerged as adulis with no antennae and with defective wings.

In Borno State, Nigeria local cowpea growers use aqucou§ leaf extracts to keep off
grasshoppers during dry season (Jackai, 1993). 'The elfect of neem on grasshoppers has
been presumed to be due to its antifcedant propertics (Bulterworth and Morgan, 1971,
Olaifa and Adenuga, 1988). The most widely known pest control use of neem is for
post-harvest grain prolection against Caflosobruchis spp in cowpea (lvbijaro, 1983;
Sowunmi and Akinnusi, 1983) and Sitophilus zeamais motsh (Kossou, 1989).  Jackai
(1993) cvalvated dillerent neem formulations in two major cowpea pests, the pod borer,

Maruca testulalis Greyer and pod sucking inseot, Clavigralla tomentosicoflis Stall. A



high mortality rate was recorded indicating the inability of the pests (o feed due to
phagodetenrence factor in the neem. ‘The active principles responsible for the insecticidal
properiics has been found to be a mixture of live related compounds. These are

azadirachtin, salannin, meliantriol, nimbin and nimbidin (Fig. 2.1).

Over the years, the Indians have cleansed their tecth with twigs [rom neem trees,
smeared skin disorder with necom leal juice, neem (ca as a (onic and placed neem Ieaves in
their beds, cupboards, grainbins to ward ofl (roublesome bugs, They also belicve ncem

possesses miraculous power (NRCU, 1992).

Neem is eflective against certain human pathogenic fungi which hitherto, have been
diflicuit to control with synthetic tungicides (Khan and Wassilew, 1987). ‘The seed
suppresses several species of pathogenic bactena (Schneider, 1986; Patel and Trivedi,
1962) and also possesses anfiviral propertics. Crude neem extract is effective against small
pox, chicken pox and fowl pox by absorbing the viruses, thereby preventing them from

uninfceted cells (Rao ef al., 1969; Rac and Scihi, 1972).

Necem is widely recognised (o have antimalacial activity. The leaf extract is used to
treat malacia.  Oil from neem s 2 powerlul spenricidal and may be used for birth control,
Indecd, neem oil formulation called Sensal is now sold in India for contraceptive purpose.
Howcever, consumplion of neem oit can be dangerous. Doses as low as Sem’ have killed
infants, while animals have shown acute toxicity to 14-24cm’ per kg of body weight
(Ghandi ef al,, 1988). Antirypanocidal activity of ncem against 7rypanosoma brucei

brucei has been reported (Nock ef af., 1993).

Apart from its possible phammaceuticals and pesticides applications, it provides
other uschul services 10 humanity.  Its sced 18 used in the industrial production of soap,

wanes, lubricants and fucl for heating and lighting puposes (NRC, 1992). ’
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2.3 Nitrogen Cycle in the Soil

The modified schematic representation of N cycle in soil is presented in Fig, 2.2
Nitrogen lixation is one of the major reactions of the N cycle in soil environment and it
plays an impottant rofe in soit ferlility {Arima and Yoshida, 1982). The N in air is fixed

principally by two methods:

() bactena in root nodules which are able (o fix N directly from air, and
(b)  certain non-symbiotic bacteria ate able to absorb N directly from atmosphere (Fig.

2.2).

‘To enrich the soil, N may be supplicd cither in the inorganic (commercial fertilizer)
or organic form (mamuwre). When organic fertilizer is added (o soil, 1 undergoes
ammonification and nitrification processes.  During these processes the tnorganic N

produced are taken up by ptant as available N.

The amnonilication process is carricd out by non-specialized organisms while the

NQOy - N or NO, - N are produced by specialized microorganisms (13lack, 1968).

2.4 Neem in Soil Fertility hinprovement

Neem has a high potential for soil fertility maintenance and improvement.  The
ncem cake and the leaves are promising soil amendments. Radwanski and Wickens (1981)
indicated that the cake contains more Na, K, Ca, and Mg than the farm vard manure or
sewage sludge and has long been used in India to improve soil fertility (Jackai, 1993;
Kcetkar, 1983, Grant ef al., 1983). The cake protects plant roots from nematodes and
whilc ants probably due 10 the residual limonoids, a group of tetranontipterpinoids of which
azadirachtin is the mwost active (Jacka, 1993, NRC, 1992). Asantc (1985) observed that
when ncem cake was applied as a drench, it enhanced tomato yield, Sianilar effects were

observed on cowpea (Cobbinah and Osci-Owusn, 1988).
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A natural process which maintains soil N fertility in rice plantation is biological
nitrogen fixation (BNF). The microorganisms responsible for this process in flood water
includes photosynihesis bacteria, blue green algae of the flood water, and heterotrophic
bacteria associated with rice plant and soil.  Since N is a limiting nutrient for rice
plantation, strategies tor promoting BNF are desirable. To achieve this, Grant er al. (1983)
studied the etfect of alleviating Ostracoda, Heterocovpris luzonensis, grazing pressure pn
N, - fixing blue green algae by applying crushed neem seeds to paddy flood water and the
population of the crustaceans that feed on BNE organisms decreased. This led to ten-fold

increase in N-lixation activity.

Modification of urea with neem cake has been reported to inhibit the nitrification
rate, thus providing available NH," - N for a Jonger period (Reddv and Prasad, 1975).
Ketkar (1983) carried out an agronomic rescarch on neem cake. neem oil and Karanja cake
cach blended with urca. The results indicated that application of urea coated with neem
cake using coal tar solution gave an average of 0.5 tonnes ha vield higher than a similar
application ol uncoated urea on rice (Orvza sativa)y and sugar cane  (Saccharum
officinarum) crops. The response of urea blended with neem oil on sugar cane yield also
gave a good result. Similarly, Amin and Patel (1983) reported that neem cake coated with
urea applied at a ratio of 1:5 along with coaltar and kerosine gave 22.8 percent increase in

paddy vield of rice compared to the recommended fertilizer practice without neem cake.,

2.5 Eflect of Organic Wastes on Soil Fertility and Crop Yield
Organic wastes in the form of animal wastes or harvest residues when incorporated

into the soil are known to improve crop yield (Abdulrahman, 1989: Tarta, 1994),

The chemical composition of animal wastes such as cattle manure is influenced by
diet, storage and handling conditions (Van Fassen and Van Dijk, 1987). These factors
probably account for some of the variation in manure composition reported from ditferent
countrics, Murwira and Kirchman (1991) have shown that there was no significant
difference in the decomposition of acrobically treated manure, regardless of whether they

arc derived from a low - or high-input system. ‘The fresh manure when added to soil



mineralize ittle or no N at all, regardless of their origin.  This suggests (hat fresh and
acrobically treated manure have a very small N fertilizer effect in the short-term. It was
concluded that only the anacrobicatly decomposed manure would have positive eficet on

crops 1o short-term.

In green house and ficld trials conducted at Samaru, in Nigerian Savanna, Poultry
droppings and cow dung increased dry matier yield, height, and girth of maize. Addition
of inorganic feitilizers enhance the ellect of the amendments on the yield (Abdulrahman,
1989}, Addition of cow dung to preincubaied cassava peels also increase cocovam yiclds
(Agbim, 1985). ‘The dry matter yicld and nutrient uplake of maize increased as the

proportion of cowdung increased when inferacted with other organic wastes (Tarfa, 1994).

The two major crop residues in Savanna are harvest residues (straws, stovers, and
hulins, etc) and processed residues (groundnut shells, rice husk, oil cakes, etc). About
31.41 milion metric 1onnes of crop residues were produced in the Nigerian Savanna
between 1970 and 1971 cropping season. These residucs can either be added to the sl or
disposed off through burning (Balasubramanian and Nnadi, 1980). This practice of
buming crop residucs increase soil pH (Seubert, 1975) thereby increasing etlective cation

exchamge capacity and availability of soil nutrients to plants (Moore and Adctungi, 1966).

2.6 Nitrogen Stalus of Savanna Soils
Savanna soils are generally low in tolal nitrogen (N).  According to Jones (1973a),
percent N ranges from 0.008 to 2.90 with an average value of 0.051 percenl.  These tow

values are due to the low level of organic matier in these soils.

'The organic malier content of 1op soils ranged from about 0.5 percent in the Brown
and Reddish-Brown soils of the Sahel zone to about 2 percent in Vertisols, Eutrophic
Brown and Hydromorphic seils. In the widely occurring Ferruginous soils, an average
valuc of 1.2 percent has been reported in 245 samples (Jones and Wild, 1975). SOM
including the microbial biomass is a dynamic nutrient reservoir. Changes in the quantity
and mineralization of SOM and suil microbial biomass altect the potential of soil to supply

available nitrogen (AN) through alterations in mineralization and immobilization turnover

9



(Jansson and Persson, 1982). The inherent tertility of a given soil depends largely on the

quality and quantity ol organic matter in the soil.

Thiee important tactors determine soil N content namely, rainfall, temperature, and
acration. OF these, rainfall is the major factor limiting nitrification since it determines N
accumulation and leaching from soil (FFayemi, 1966).  According to Wild (1972a),
ammonilication 1s reduced at water content below 15 bars and nitrification cease in the dry
scason. At the start of the rain, there is high ratio of NI, - N to NO, - N in the soil,
which reverses when the soil becomes sutliciently wet to allow nitrification.  Thus, excess

rainlall leads to denitritication and leaching of N (Kowal and Kassam, 1978).

The N content of the various Savanna soils is attributed to variations in rainfall and
clay contents (Jones and Wild, 1975). Due to low annual rainfall of less than 400mm in

the Sahel region, the soil N is very low (0.5%) (Kowal and Kassam. 1978), .

Activities  of nitrobacter and most  heterotrophs increase  with increase in
temperature  (lisdale and Nelson, 1975). It has been reported that maximum
ammonilication occurs at about 50°C" in arid soils of Northern Senegal (Mowrcaux, 1967),
The prolonged exposure of Savanua surlace soils to high temperature tor most patt of the
vear results in partial  desiceation of sutlace soils (Kowal and Kassam, 1978).
Consequently, there is a release of immobilized N locked in dead microbial tissue at the

start ol the rainy scason.

The type ol crops previously planted aflect AN of Savanna soils, (Wild, 1972a).

An experiment carried out on Samaru soil indicated higher AN after previously planting
groundnuts than alter cotton or sorghum. As an indication of this, viclds of maize grown
alier groundnut were more than those obtained after cotton and sorghum (Jones, 1974).
Millet interplanted with cowpea (Frgna sinensis) gave a higher crop yicld than sole crop
millet grown at same plant density. This is due to increased AN from the cowpea (Steele,
1972). It has been suggested that other crops should be planted in rotation with

leguminous crops.  This will increase AN level in subsequent vears through direct N release
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from leguminous residuc and increases microbial decomposition of soil N reservoir (Pieri,

1990).

Savanna vegetation under fallow sysiem is grass dominated. As these residucs are
ofien poor in N, they are prone {o immobilization when timmed into the soil {(Tones, 1973b),
"This depletion of soil AN might account for the high C:N ration ofien encountered in the
soil (Kadeba, 1978; Jones, 1973a; Hopmans ef al., 1980). The patiern of N release from
plant residues ditter for different plant residucs as those with high C:N ratios and lignin

contents fend 1o have slow release of AN (Uian ef af., 1992; Hopimans ef /., 1980).

2.7 Plant Nilrogen Requirements in Savanna Sotls

‘The mincralization of SOM is of considerable signiticance in supplving N to crops,
Although considerable amounts of AN required by the plants are refeased in Savanna soils
with the onset of the rains, crops planted at this time cannot effectively make use of it
(Wild, 1972b; Jones, 1976) becausc of leaching. Additional fertilization is (herefore

needed for hugh N-demanding crops such as cercals (Jones, 1973b; Goldsworthy, 1967).

Inorganic fertilizer, when available can contribute to the intensification and
productivity ol the cropping systems in the Savanna (Smith of al., 1994; Lele et al., 1989),
However, on-farm studies across the Savanna of West Africa indicated 6-fold increase in

response ol maize yields to the application of N fertilizer.

Among the commercial N tertilizers commonly used in the Savanna, urea and
calcium ammonium nitrate (CAN) give good response and are preferred (Lombin, 1988).
Relative response of maize to these {ertilizers showed that neither of the two is better than
the other (Jones; 1973b). Similar resulty were reported with rain-fed maize and irrigated

wheat (Balasubramanian and Singh, 1982).

The major cereal crops grown in the Savanna region (sorghum, millet, wheat and
maiz¢) together require an average of aboul 650,000 - 700,000 metric tonnes of N
annually.  Another 225,000 mctric tonnes are also necded tor cotton (I.omlin, 1987).

This requircment is met by addition of commercial fertilizers and organic wastes. Fertilizer
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consumplion among the pcasant farmers is being hampered by poverty and so the N
requirements of most non-leguminous crops are met by inclusion of legumes in the

cropping scheme (Lombin, 1988).

In low-input systems, the N demands of crops have to agree with the N supply
from native sources in the ficld (Webceer ef af., 1993). The N requirements of crops difler
and vary with cullivais, stage of development and environment.  The total N uptake is
proportional 1o the dry matler produced by (he crop but the proportionality coetlicient

varies wilh the crop and cultivar (Kowal and Kassam, 1978).

In a long-term ficld trial at Samaru in West Alrican Savanna. Goladi (1997)

observed a degradative eflect of inorganic fertilizer on soil fertility.

2.8 Efliciency of Nitrogen Uptake by Crops in the Savanna

Ieaching is one of the major {actors allecting the clliciency of N utilization (Jones,
1976}, It is rapid duc to the generally high intensity of the minfall. Wild (1972b) reported
slow lcaching of native soil NO, because of rapid water infilieration through cracks,
channels, and mactopores while NO,™ in soil is confined to the micropores.  The slow
leaching of NO," in Samaru soil has been attribuled to rapid percolation of the rainfall
during the first hall of the rainy session (Jones, 1976). 'This rapidly percolating water may
carry with it up to a quarier of the NQO), applicd to the tropical but the larger amount of the

applicd NO, passes through the soil prolile down as a slow wave.

Other factors which allect N utilization efliciency by crops are volatilization and
denitrification (Lombin, 1988). The loss of N by ammonia velatilization {ollowing urca
application has been widely reported (Fenn and Kissel, 1973; Ghandi and Palwal, 1976;

Matocha, 1976).

Timing and splitting of N fertilizer application are two inter-refated agronomic

technigques coaployed in enhancing the effect of N use in Savanna (1Lombin, 1988).
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2.9  Kinetic Models for Describing Soil Nitrogen NMineralization

Kinetic modelling (Table 2.1) of net N mineralization observed in laboratory
incubation experiments has been used to characterize mineralizable N potential and the
added organic residucs,  Fitting kinctic cquations (o net N mineralization curves helps to
quantily mincralization substrates and the rate at which it is made available for plant use.
Simple incubation studies which inlegrate gross mineralization and immobilization pm\'idt.-:
an understanding of mineralization mechanism but accurate description requires isotopic
tracers to identify specific classes of substrates and mineralization pathways (Ellert and

Beltany, 1988).

Simple incubation experiments have been used to study nutrient cyvele (Fyles and
McGills, 1987; Bonde and Rosewall, 1987). The procedure, however. is not without its
short comings, as moisture in the incubation medium may difler from values obtained in
the ficld and the process may change oxidation status, and hence N mineralizable potential.
Atmospheric composition may also differ as O, is used and CO, is released (Ross er af.,

1990),

Stantord and Smith (1972) used iterative procedure fo fit a logarithm transtormed
version of the fust order model.  Others using Stantord and Smith's techniques have
reported comparable resulls (Stantord e of., 1974; Cassman and Nlunns, 1980) and
have improved upon the estimation ot the models (Smit, et of., 1980; Talpaz et al., 1981).
Grflin and Lame (1983) reported higher values and mote variable values for
mineralization rate constant than previous studics, However, N mineralization potential has
been found to be a poor means ol predicting crop vield and N uptake (Iindermann and

Cardenas, 1984) but the reason for this assertion was not clucidated,

‘The concept ol single pool of easily mineralizable N does not synchronize with
reality, and lust order model based on this concept can at times be inferior to empirically
determined model as a means of describing soil N mineralization (Broadbent, 1986). This

might be the reason why Jones (1984) developed first order equation (Table 2.1) to
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accomodate separate pools of easily mineralizable N. The added parameter produced the

mineralization flush during the first incubation interval.

TABLE 2.1: SOME KINETIC MODELS FOR DESCRIBING NET NITROGEN
MINERALIZATION IN SOILS '

MODEL EQUATION REFERENCE

First order (n=2)"" N, = Nofl_hl_-;'ﬁ';;-} S_l::.;u.l_f_‘.n.rri mrl %mnﬂ tl 072)45*
Fist order (nh=3) N, = No{l-e"“l 4+ Ne Jones (1984

FTwo simultaneous reactions (n=4) N, =N, It 1-€%) ¢ N,(I-F) (- [Molina e al (1980)
Consecntive reactions (n=3) Ng = N,-N, (ke™ - he"") (k-h) |Noggleilo85)

Consecutive reactions where h=k (n=2) [N , =N - N, &" (kt + 1) Noggle (1985

Gompertz (n=3) N =N gne™ N e® France and Thomiey {1984)
Mixed order (n=3) Ny = No(l-e""m‘m‘) Brunner and Focht (198 1)

where N, = cumulalive N mineralized at time t {mg/kg),
t time (weeks), _
N, = potentially mincralizable N (mg'kg) att =0
Ne = casily mineralizable (N mg/kg),
N F = easity mineralizable subfraction
N_(I-F) = slow mineralizable subiraction, h and k are proportionality

constanis pey week and are specific for the model in which
they appear.

+n = number of adjusiable parameters in the model
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Nilrogen mineralization can be viewed as the decomposition of two or more
compounds with varying mincralization rates. Molina ef a/., (198Q0) and Vanotl et al.
(1993) suggesied that parameters based on summalion of two or more exponentials for
some soils would fil better than the irst order model (Table 2.1). The model separates the
N, into a rapidly mincralizable subfraction {N ') and a slow mineralizable sublraction
N (-F). Mineralization for the Jast and slow mineralizable organic fractions is desctibed

by Hirst order Kinctics with rate constants h and k respectively.

Conseeutive reaclions, Gompertz and mixed order models have also been used 1o
deseribe mincralization curves which had a lag during some pmﬁbns of the incuhation
period (Ellert and Betlany, 1988) because of the sinuous pattern of N released svhich
showed a lag and subscquent increase in (he mineralization rates which are not in
agreement with the decreasing rates specificd in the lirst order model.  Similar lags were
noted in cumulative mineralization cutrves, but the lags were unaccounted for in kinetic
maodels (Stanford and Smitly, 1972; Chae and Tabatabai, 1986; Fyles and NcGills, 1987).
Thereforeg, Brunner and Focht (1984) developed a sipmoidal mineralization pathway which
are characteristic of rosistant organic compounds. The model conceptualizes that a single
substraic pool is mincralized via a lirst order mineralization pathway in simultancous with
sceond order mineralization pathway. According (o second order mincralization pathway,
mincralization process depends on bomass and  substrate  concentcation.  ‘Fhe
disappearance ol subsirate is controlled by a mixed order rate constant which is distributed
botween k (week) for first order mineralization and fime-h (week®) for second order
mineralization.

Consecutive reactions describe a process of proceeding from reactants 1o products
through an intermediate constituents.  Conversion of reactant to intermediate and product
follows first order kinetics willh rate constants h and k, respectively. A model is derived
from the diflerential rate equation where values of h and K are similar.

Gompertz modet is an S-shaped growth function (Jowet ef ol., 1974; Draper and

Smith, 1981). It suggests that muneralization is proportionat to the cumulative nutrient
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release and (he mineralization rate increases in the early stages of incubation,  However,
1} 1] 1] " I’ n 1] - *

overtime, the proportionality factor decreases thus reflecting a decrease in the effectiveness

of the mineralizalion processes because ol cxhaustion of the mineralizable substrate

(France and Thornley, 1984).

Nitrogen mineralization is influenced by temperature, soil moisture, space, O,, pH,
fon activity and availability of substrate (Stantord and Epstein, 1974; Grant ¢t /., 1993,
Cassman and Munns, 1980). ‘Tabatabai and Khataji (1980) have shown that SOM
mineralizatton at 35°C was greater than at 20°C.  Hence, a detailed description of
mincralization process in quantitative terms require equations with many variables some of
which are not readily meastred or vary in unpredictable ways. Such models often involve
some assumptions. Theretore, an alternative way of describing net N mincralization is to

use empivical models that describe the process with considerable accuracy (Broadbent,
1986).
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Sampling of Neem Sceds

Mature Iruits were obtained from neem trees al Samaru - Zaria. Samaru is situated
in the Northern Guinea Savanna vegetation zone with a mean annual rainfall of 1050mm
confined to a single 5 months rainy secason from Nay to September (Kowal and Knabe,

1972).

The fruits were depulped and the sceds dried in an oven at 45°C tor 24 hours. The
kernels were removed from the sced coat and then stored in air-tight glass bottles.  These
were later crushed, ground to pass through 3mm stainless steel sieve and stored in a

polythene.

3.2 Chemicals

All chemicals used were of analvtical grade unless otherwise stated.

3.3 Determination of Crude Oil Content of Neem Seeds (Soxhlet Lxtraction Nethod.
ACOCS, 1942)
The ground sced sample (80g) was weighed into a preweighed fat-free thimble,
About 350cm’ of n-hexane was poured into a previously weighed round bottom flask
containing boiling chips and soxhlet extractor sct-up.  The extraction was carried out for
about 4'/, hours alter which the n-hexane was distilled off leaving the oil in the flask in an

oven set at 70°C to constant weight, The percent oil was then caleulated as follows:

Okl = e i 8At 0F 0310g)
o oil welaht of need nample(9) x 100
34 Preparation of Neem Cake
The cake oblained after o1l extraction as above was oven dried at 40°C for 24 hours

to remove the solvent (n-hexane). It was later analvsed for: percent moisture, total N and

total P.
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3.5  Delermination of Moistute Content of Neem Cake (AOAC, 1980)

About 2.0g of the sample was weighed into a clean, dricd and preweighed crucible.
The sample was dried in an oven at 70°C, until constant weight was obtained.  Triplicate
determinations were carfied out on the sample. 'The moisture content was calculated as the

loss in weight of the sample on drying.

0 . N . - Wweight of motsture (g)
Yo moisture content weiahtoraampiaia) x 100

3.6  Soil Samplng, Treatment and Determination of some Soil Properties

L]

'The soil sample was collected from the surrounding of the Gymnasium of Ahmadu
Bello University, Samaru - Zada in February, 1996. ‘The plot had been under fallow

condition for several years cxcept (he previous year ih which it was cropped with cowpea.

Soil samples collected at randomised points at 0-15cm depth, were bulked and
mixed thoroughly. The clods were broken using pestle and mortar, and sieved through
2mm stainless steel sieve.  Subsamples were subsequently taken tor charactesization of the

sotl. The soil was later used for laboratory incubation and green house studices,

3.6.1 Determination of Organic Catbon in the Soil (Walkley-Black, 1934)
Reagents

(1)  Potassium dichromate (K,Cr,0,), M/6-: 49.04g oven-dried K,Cr,(), was dissolved
in distilled water and was made up to mark in a litre volumeltric flask.

(2)  98% w/w concentrated sulphuric acid (H,50),)

(3)  Ammonium [crrous sulphate hexahvdrate {(NI1,),50, FeSO,6H,0], 0.5m -: 196g
of the reagent was dissolved in distilled water in to which 10cm’ of concentrated
H,50, had been added.  The solution was well agitated to dissolve the salt and then
made up to mark in 1 litre volumetric flask.

(4)  Foerroin Indicator -1 'This sas prepared by dissolving 7.425g of O-phenanthroling
monohydrate  and  3.475g of ferrous tetraoxosulphate (VI) heptahydrate
(FeS0,.71L0) in distilled water.  This solution was made up to mark in 500cm’

voluimetric tiask.
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Procedure

A gram of soil was weighed into 250cm® Erlenmeyer flask, Sem® of M/6 K,Cr,0,
was added and the llask swirled gently to disperse the soil. Concentrated H,50, (10ecm’)
was rapidly added andlswi.rlcd for a minute. Afier 30 minutes, 100cm’® of distilled water
was added, and the solution allowed to cool. The resulting solution was titrated against
(N14,),50,.FeS0,.61L0 afler the addition of 3 drops of ferroin indicator. The colour
changed from blae to green to dark green and finally to red. Blank determination was also

cagried out. Triplicate determinations were made. Petcent organic carbon was calculated

as;

0 HP = bdlanktitre-~actual titrexi IxM
f&orgamouarbun welght ofsa0il taken

where F = comrection factor = 1.33 and M =  concentration of

(NH,),50, FeSQ,.61L0

3.6.2 Delermination of Soil Water Holding Capacity

The base of a disposable cup was pertorated with oflice pin and weighed. Fifly
grams of soill were put into it and enough water to saturate the soil. The suspension was
left to stand for about 30 hours to altow the water 1o drain through the basal pores of the
cup. The cup and the moist soil were latter weighed to determine the soil water holding
capacity. Toplicate detferminations were made.  'The percent soit water holding capacity

was calculated as;

werght of morsture 10 fhe

D."‘ o 1 acr s
% water holding capacity P S R

x 100

3.6.3 Determination of Soil ptl
Reagents/Materials

(1) 0.01M catcium chloride (CaCl,)

(2)  pH7 standard bufler solution

{3)  pH meter Model 290MK 2
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Procedure

To 10g of soil sample was added 10cn’ of distilled water in a 50cm’ beaker. The

suspension was stirred for 30 minutes and was allowed (o stand for 3 minutes. The pl! of

the suspension was mceasured with the pIT meter afler pre-caliberating it with buffer

solution. ‘fhe procedure was repeated using 0.01M Calll,. 211,0.

3.6.4

(1)
(2)
3)

(4)

(3)
(0)
(7)

Determination ol Soil Available Nitrogen (Bremmney, 1965)

Reagents

2M potassium chloride (KCl)

2% wiw boric acid (1L BO,)

0.005M H,S0, -: 0.27ci of concentrated 1LSO, (98% w/w) was added to about
100cm’ of distilled water. The resulting solution was made up to mark in a litre
volumetric fask.

Mixed indicator-: 0.2g ot methy! blue was dissolved in 80cm’ ethanol. Methyl red
(0.4g) was also dissolved in 80cm’ cthanol. Both indicators were then transferred
into a 200cm’ volumetric flask which was then made up to mark with cthanol.
A carbonale frec heavy magnessium oxide (Mg())

evarda's.alloy

2% wiw sulphamic acid (NII,SO,H).  The solution was stored in a tefrigerator

after preparation.

Procedures

Three grams of soil was weighed into a 250cm” plastic boitle and 30cny’ of 2M

KCl was added. 'The bottle was stoppered and shaken on a mechanical shaker for an hour.,

The suspension was latter centriluged to obtain a clear solution. If the KCI extract could

not be analysed aller extraction (within 24 howrs), it was stored in a refvigerator lo avoid

decomposition. 'The KOl extract was distilled as {ollows:

(a}

NI, - N - 10om’ of 2% L1130, solution and 2 drops of mised indicator solution
were added to a 50em’® Efdemmeyer lask which was placed under the condenser of
the steam distiller. The end of the condenser was about tem below the surface of

H,BO, solution.  An aliguot (10en’) of the KC1 estract of the soil was pipetied into
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a distillation flask. and 0.5g ol Mg added. The extract was distilled into H,BO),
solution until about 30-50cm’ of the the distillate was collected in the receiver
flask. The amount of NH," - N in the distillate was determined by titration with
0.005M H,50,. The colour change at the end point was from green to pink.

(b) NO, = N =1 To the same extract used for NI - N distillation, were added 0.2g of
devarda's alloy and 1em’ of 2% sulphamic acid.  Distiflation was carried ont over
another 10em’ of 2% 11L,BO, solution containing 2 drops indicator. 1he distillate
was again litraled against 0.005M H,50, to end point. Triplicate determination

were made.

Calculation

Available N (mg kg) =

where a, — volume of KCT extract (cm'), a, volume of aliquot taken (em'), a,  volume
of acid used for fitration (cm’), b~ weight of soil sample (2). and M~ molarity of the

acid

3.6.5 Determination of Total Nitrogen in Soil or other Materials { AOAC, 1980)
Reagents

(1) 2% w/v boric acid (H,BO),)

(2) 10N sodium hydroxide (NaOTT) solution

(3)  98% w'w concentrated 11,50,

(4)  Catalyst =2 500g of anhydrous sodium sulphate (Na,SO),), 50g of hydrated copper
sulphate (CuSO511,0),  and 0.5g of sclenium oxide (Se(),) were mixed and
grinded together.

(5) Mixed indicators (same as for soil available N determination)

(6)  0.005M 1,50,

Procedure

To 1g of soil or cake (0.2g of shoot or rootl sample) were added Sg of catalyst

(about 1g for shoot or root sample) and 10cm’ of concentrated H, SO, in a digestion tube.
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It was heated continnously on low heat until frothing has ceased.  The heating was
increased until the digest became clear.  On cooling the digest was guantitatively
transferied into a 100cm’ volumetric flask. ‘The tube was rinsed several times with distilled
waler, cach rinsed portion transferred in o the same flask and was made to mark with
distilled water (all the sand particles were retained in the original bottle because sand causes

severe bumbing, i.¢. for soil digest).

The digest solution (10cm’) was pipetted into distillation flask and 10cm’ of T0M
NaOIl added. ‘The contents of (he flask was distilled into 10cnt’ H,BO, containing 2 drops
of mixed indicators, until the distillate was about 40cm’.  This was titrated against 0.005\1
1,50, to end point (green to pink). A blank determination was made. ‘Triplicate

determination were made for soil and neem cake,

Calculation

Total N (mg/kg sample)

whete a, volume of digest solution (¢m')
a, = volume ol aliquot taken
a, ' volume of acid used for titration
b weight of sample
M molarity ol 11,50,

The total N (mg/kg) of the sample was converted to percentage and percent protein

obtained by multiplying the percent N by a conversion factor of 6.25.

3.6.6  Determination of Soil Available Phosphorus (Bray and Kwtz, 1915)
Reagents
(1) IN ammonium fluoride (NILEF)

(2) 0.5M hydrochloric acd (FHCT)

b
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(3)

4

(5)
6}

7

Extracting solution-: 15¢m’ of 1M NH,F and 25¢m’ of 0.5M HC(1 were mixed in a
500cm’ volumetric flask and made up 1o mark with distilled water. This gave a
solution of 0.03M NI1F and 0.025M HCI.

40% wiv stannous chlonde dihydrate (SnC1.2H1,0):- 10g of the reagent was -
dissolved in 25cm’ of concentrated 11C1. "The stock solution was kept in a black,

glass stoppered botlle and stored in a refrigerator.  When needed dilute solution

~(0.4%% w/v) was prepared by mixing lem’ of stock solution with 333¢m’ of  distilled

waler.

10M EICI

1.5% w/v ammonium paramolybdate [(NI,)Mo,0),,.411,0]-: 15g of the reagent
was dissolved in 350cm’ of distilled water, 350cm’ of 10M HC1 was added slowly
wilh stirring.  The resulting solution was cooled to room temperature and made up
o mark in a litre volurmnctric flask. This was stoppercd in a dark glass botile,
100ppm standard phosphate solution:- The stock solution was prepared by
dissolving 0.4393g of oven-dried potassiumdihydrogen phosphate (KH,PO,) in
distilled water and mixing up te mark in 500cm’ volumetric flask. Working
phosphorus siandard solution (Sppm P) was then prepmed by diluing Sem’ of (he
stock solution up to 100cm’ in a volumetric flask with distilled water. It was stored
in a dark botile and later kept in a refiigerator. A sct of standard P solutions

comtaining 0, (1.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ppm P werc prepaved {rom this,

Procedure

.

One gram of soil was weighed into centrifuge tube containing Jom® of the

extracting solution. This was shaken for 2 minutes on a mechanical shaker and then

centrifuged to oblain a clear solution.  The supernatant was decanted into a wvial.

Ammmonium paranolybdate solution (2cm’) and lem’ of SuCl, dilute solution were added

to it.

The colour that developed was measured afler 10 minutes but not later than 15

minutes on a Bosch and Lomb Spectronic 20 Spectrophotometer at 660nm.  Triplicate

deterntinations were made.
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3.6.7

(1)

(2)

(3)

(4)

(5)

(6)
(7)

(8)
(9)

Calculation

3 ¥ _ b xsolutionvol ume x 10
I ungkg) el rguol [aken v weight of sor/ ()

where b mg P obtained for the sample extract from standard curve

Determination of Total Phosphorus in Soil or Plant Material (Murphy and Riley,
1962)

Reagents

4M NaOH

4% w/v ammonium paramolybdate solution-: 40g of the salt was dissolved in
distilled water and made up to mark in a litre volumetric flask.

2.64% wiv ascorbic acid solution-: 26.4g of the acid was dissolved with distilled
water and made up to mark in a litre volumetric flask.

(.29% w/v antimony potassium tartrate solution-: 1.45g of the reagent was
dissolved in distilled water and made up to mark in a 500cm’ volumetric flask,
2.5M H,50,

0.25M H,50,

Developing  reagent-: SO0cm’ of 2.5M H,50, 15¢cm' of the ammonium
paramolybdate solution, 10cm’ ascorbic acid solution, and Scm’ of antimony
potassium tartrate solution were mixed in a 100cm” volumetric flask. The resulting
solution was made up to the mark with distilled water and stored in a refrigerator.
(0.25% w/v paranitrophenol indicator

Standard phosphorus and working phosphorus standard solution as prepared in

3.6.6,

Procedure

The digested sample (2cm') obtained trom 3.6.5 was pipetted into 100cm’

volumettie flask.  Two drops of 0.25% paranittophenol were added and the pll was

adjusted with 4NI NaOI1 and 0.25M 1,80, until the colour changed from orange to

colourless.  Developing reagent (8cmr') was added and the mixture made up to mark with

distilled water. The flask was shaken and left to stand for 10 minutes. A blank was



prepared and the absorbance was read at 712nm on Bosch and T omb Spectronic 20

Spectrophotometer.  ‘Triplicate determination were made.

Calculation

bxvwvelum: xo0i ut i —( ') xi

camploaligueol em') xrample wa1aght

Total P (mg/kp)

where b mg ' obtained for the sample from the standard curve,

3.7 Laboratory Incubation Studics

Two grams of the cake were uniformly mixed with 100g of soil sample and placed
in a Buckner funnel whose base was covered with nvlon screen. Distilled water was added
to the mixture to obtain about 80% soil water holding capacity. The content of the funncl
was covered with nylon screen to reduce dispersion during the extraction process. The
set-up was incubated at laboratory temperature and the moisture content was maintained by

periodic addition of distilled water.

The soil was extracted with 2N KC1 on weekly basis up to the 6th weck and then
torthnightly until the 14th week ol incubation.  The extractions were carried out with
200cm’ KCT at the tirst two weeks ol incubation and with 100cm” of 2N K1 for the
remaining, periods.  The pll ol the soil extract was taken. The reduction in volume was to
produce a concentrated solution for direct measurement and to reduce the amount of
organic N extracted from the soil treatment (Smith ef af., 1980). To account for native soil
N transformation, control experiment was mounted in a similar way without the neem
cake. AN was determined following the proceedure described in 3.6.4.  Triplicate

determinations were made.,

3.8 Gireen House Trial of Neem Cake and Urea
A green house assessment of neem cake (C'), urea (U) and a mixture of urea and
neem cake (C x U) was carried out at the Institute lor Agricultural Rescarch, Ahmadu

Bello University, Samaru - Zaria.

b
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3.8.1 ‘Treatments and Their Combinations
The standard application rate of N fertillizer for maize is 120kgN/ha. If a hectare

of soil at Samaru is assumed to contain 1,950,000kg of soil, then 3 kg of soil will require
1200k g

1950.000 & & X “\g N 0.1846 x “J"' l\.g N | 34.61“9,‘ N
3.8.1.1 Calculation of the Amount of Nitrogen Required by 3kg of Soil Using Urca
Since 1200gN/ha requine 184.6mpg N per 3kg of soil and 100g of mea contains

4 . . 181 my X100
46000mg N. 184.6mg N will be supplied by - ;f——' —g 0.4013g

AfONDDmMa

3.8.1.2 Calculation of the Amount of Nitrogen Required by 3kg of Soil Using Neem Cake

From the chemical analysis of neem cake, 1g ol cake confains 69.3mg N.
Theretore, 184.6mg N will be supplied by 1258 o = 2.6637g

3.8.1.3 Application of the Treatmenis
Treatments were applied as follows:

(1)  40kg, 80kg and 120kg N/ha of urea.

(2)  80kg, 120kg, 240kg, 480kg and 960kg N/ha of neem cake

(3)  Combinations of ncem cake and urea at: Cyy x Uy Cpp X Uy, Cpyp X Uy, € X
Vs Coag X Uy Cipy X Uy Cgo X Uy Coigy X Uiy Ty X Uy ind T x U, kg
N/ha.

(4)  Control experiment.  This consisted of a pot without neem cake, urea or

combination of both.

These gave 19 diflerent treatments which were  triplicated and  completely
randomised to give a total of 57 pots, Three kilograms of soil were weighed into each pot

and mixed uniformly with cach of the treatment.

The soil in the pots were maintamed at licld capacity through regular watering with
distilled water. Drained water in the receivers were retumed into the pots. ‘The pots were

left to incubalte for 2 weeks for equilibration purpose.



3.8.2 Planting

Al the end of incubation period, 6 sceds of maize (Zea mayvs 1..) T7SER - W were
planted in cach pot.  Seven days alter planting, the germinated sceds were thinned to 3
stands per pot. All the pots were maintained at tield capacity thioughout the experimental
period by regular watering with distilled water. Observations were daily made on the plants

for symptoms of nutrient deficiency and to keep the pest under check.

3.8.3 lHarvesting
3.8.3.1 First Cropping,

Alter 6 weeks of growth in the green house, the plants were harvested.  Fach pot
was harvested by culting the plants just above the soil surface. The harvests were washed
thoroughly with tap water and then rinsed with distilled water,  They were later stored in
labelled envelopes, and were dried to constant weight in an oven set at 60°C.  The roots
were harvested by emplying the content into a large plastic bowl and the rools removed.
The harvested roots were treated in the same way as the shoot. The dried samples were
ground with a stainless steel mill in readiness for chemical analysis.

The following parameters were determined on the soil subsamples and the harvest:
{(a) Available P ol the soil afler the plants were harvested
(h) Nitrogen uptake of the roots and shoolts
(¢) pH of the soil in distilled water

(d)  Dry matter vield of the shoots and roots

3.8.3.2 Second Cropping

The remaining soils were uniformly remixed with P (KHL,PO ) at 60kg Prha for
cach of the pot. The soils were put back into each of the pots, watered to ficld capacity
with distilled water and cropped for second time.  Atler 6 weeks the shoots and the roots
were harvested.  All the parameters determined at the end of the first cropping were

repeated except for soil available P.



3.8.3.3 Third Cropping
The soil in the pots were planted with maize after remixing with KEHL, PO, applied at
60kg D7ha.  Alter 6 weeks of growlh, the roots and shoots were harvested,  The post

harvest parameters determined at the end of sccond harvest were repeated again.

3.9 Statistical Analysis

3.9.1 Laboratory Incubation Sludics '
Classical tirst order and first order K equation models were used to describe the N

mineralization from sotl incubated with ncem cake.  Nonelinear iterative procedures were

also used to estimate potentially mincralizable N (No), casily mineralizable N (Ne) and

mineralization rate constants (SAS Institute Inc,, 1985).

The coeflicient of mulliple determinations (R?), and the root mean square dtror
{(RMSE) were computed {o assess the goodness-ol-fit statistics of the two forms of first
order rate equation. Model with higher R? and lower RMSE indicate that the model fits a

particular mincrakization patiern better than the model with lower R* and higher RASE.

3.9.2. Green House Studies

All the data from green housc studics were subjected to analysis of variance
(ANOVA) using System Analytical Statistics (SAS) at Data Processing Unit of Institute for
Agricultural Rescarch, Alunadu Bello University, Samaru - Zaria. Means separation were

achicved by Duncan multiple range test (DMRT).
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION

4.1  Chemical Composition of the Ncem ('ake

Chemical composition shown in Table 4,1 indicated that the neem cake has a mean
crude protein of 43.13 + 0.1% . "This resull is consistent with the valucs reported by Goje
(1992) but higher than the 37.5% reported by Om Prakash ez of. (1953), and 13.25% by
the NRC (1992). The percent crude protein th neem cake depends on the amount of oil
left in the cake and probabily the cxiraclion method. ‘The consisiency between our data and

that of Gaoje (1992) might be due o the siwilatity of extraction techniques utilizing soxhlet

exiraction procedure.

The motsture content of neem cake is about 5.00 + 0.02%. This is lower than the
9.2% reported by Goje (1992).  Variation in the moistwre content might be due to
dillerences in the ripeness and the length of storage period {Addy, 1978). Reduction in
moisture content reduces the rate of biochemical changes in the seed and inhibit the growth

ol micro orgamisns.

Neem seed can be regarded as a good source of oil.  The ol content of 48,00 +
0.05% obtained in this study is comparable to the range (40-45%) reported by Mitra
(1963) and Goje (1992).

&
The I’ content of the neem cake was 0.86 + 0.02%, while Reddy and Prasad

(1975) and Goje (1992) reported .52% and 0.65% respectively, 'The higher P content of

the neem cake used in this study might be duc to varietal ditlerences of the neem tree.

4.2 Physicochemical Propertics of the Soil

‘The physicochemical propertics of the soil are shown in Table 4.2, 'The soil has
low organic maiter and total N. Similarty, the available P is low. The low Jevel of total N
is a reflection of low organic matter status, a major source of N in agricultural soils without

inorganic fertilizer amendment.  Forest soils under cultivation in tropical region have the
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following compositions: 1.44%, 0.13% and 2.5% organic catbon, total N and SOM

respectively (FMOANR, 1990},

TABLE 4.1: CHEMICAL COMPOSITION OF THE NEEM CAKE AS A
PERCENTAGE OF INRY MATTER

Crude protein 43.13+ .10
Nitrogen .90 + 0.10
Moisture : 5,00 + 0,02
Phosphorus {1.86 ' 0.02
TABLE 42: PHYSICOCHEMICAL PROPERTIES OF THE SO ' *
Total N (mg/g) 0.30 + 0.01
Available N (mg/g) (.14 +0.02
Total P (mg/g) (15 + 0,05
Available P (mg/kg) 2.77 + 004
Organic C (%6) 0.1 0.06
Water holding capacity {%0) 31.00 + 0.04
pH (1:2, H,0) 5.30 + 0.1
pH (1:2, CaCl)) 430 1+ 01 "
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4.3 Nitrogen Nhncralization Patterns of Neem Cake

The cumulative amount of ditferent forms of N mineralized from laboratory
incubation studies are as shown in Figures 4.1, 4.2 and 4.3. The cumulative net N
mineralized and cumulative NI1," - N released indicated large initial release of inorganic N
during the first 6 weeks. The initial flush might be attributed to high organic substrate
availability, and microbial activity from the cake. After 6 weeks, the mineralization rate
decreased possibly due to decrease in the organic substrate. This decrease in mineralization
rate afler a given peniod is consistent with the findings of Jansson (1963). The observed
increase in NO;” = N concentration throughout the incubation period can be attributed o

substrate availability (NI1," - N) or size of the nitrifving bacteria.

A plot of change m pll against weeks of incubation is shown in Fig. 4.4, The
graph indicated that there was no change in pll during the incubation period.  This was in
agreement with the report made by Standard and Smith (1972) that pH of sail is not

affected by incubation.

4.3.1 Kinetics of Cumulative NH1," - N Released in the Soil Incubated with Neem Cake
The mineralization pathway ol organic N to form NI1" - N can be represented by

equation (1) known as ammonification process,

. o spec li1zed A N1 S 3 '
Organic N LAY A L l 220 g‘?\'ll, - - (1)

‘The rate ol mineralization is proportional to the amount of potentially mineralizable

N.
lfraantd - KINH,'| (2)
Aller integration at time t — (), the expression can be reorganised into 2 useful
forms.
In ([Nll;hmmm_m) - kt (3)
INH,'| = [organic - N] (I -e™) 4)

Equation (4) is the first order rate equation similar to the one given in Table 2.1.
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Jones (1984) modified the first order rate equation by including a term which takes
in to account the readily mineralizable N pool in organic residues. Hence, the NH," - N

released according to first order E model can be represented by:

INH, ] = [organic N|(l-¢") + Ne (5)

The amount of NH," - N released were well described by both first order and the
modified first order as presented in Table 4.3. However, the slight improvement in R?
value of the modified first order can be explained by the inclusion of Ne which dcscril'ycs
the easily mineralizable N pool not accounted for by the classical first order rate ¢quation.
The negative Ne obtained (Table 4.3) accommodated the initial lag in mineralization
process. The cause of the lag might be due to low enzymatic activity of the decomposition
process at the initial stage. Comparison of the graph obtained by plotting theoretical and
experimental cumulative NH, " released has shown improvement in the use of first order E

model over unmodified first order model (Fig. 4.1).

4.3.2 Kinetics of Cumulative NO;" N Released in the Soil Incubated with Neem Cake
The nitrification process i8 represented by eqguation (6) and (7)
2NH,' + 30, -» 2NO, + 2H,0 + 4H' (6)

L

2NO, + O, = 2NOy (7)

Therefore, the classical first order model for NO;™ released is given by equation (8)
and the tirst order E model can be represented by equation (9).
[NO, ] = [NH](-e*) (8)
INO,] = [NH,J({-¢™) + Ne (9)

The goodness of fit statistics as shown in Table 5 indicates that there is an
improvement in the first order E model which contain a term (Ne) that accommodates

casily mineralizable N.

As indicated in Table 4.4, first order E is better for describing cumulative NO,

released in the treated incubated soil than simple first order equation. Comparison of
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theoretical and experimental curves also indicates improvement in the use of first order E
over classical first order model (Fig. 4.2).

TABLE 4.3: GOODNESS-OF-FIT STATISTICS AND PARAMETERS
ESTIMATE FOR COMPARING THE KINETIC MODELS ot
FITTED INTO CUMULATIVE NH1," - N DATA FROM SOIL
INCUBATED WITH NEEM CAKE

Model R® |RMSE] No | Ne | K |

S

First order 0.819 | 47.854 | 326 0.234
]lfirsturdcrE 0.881 | 41.413 | 449 1-147 | 0.401

TABLE 4.4: GOODNESS-OF-FIT STATISTICS AND PARAMETERS
ESTIMATE FOR COMPARING THE KINETIC MODELS
FITTED INTO CUMULATIVE NO, - N DATA FROM SOIL
INCUBATED WITH NEEM CAKE

Model R [RMSE] No [ Ne | Kk
First order 0.938 1.84 240 0007

First order E 0.955 | 1.670 | 38.5 |-2.88] 0.065

4.3.3 Kinetics of Curpulative Nitrogen (NH," + NOy) Released in_Soil Incubated with
Neem Cake

The goodness-of-tit stalistics of cumulative N released in the incubated soil is
shown in Table 4.5. The mineralization rate constants of first order model and first order
E model are 0.196 and 0.324 per week respectively.  The mineralization rate constant for a
wile variety of soils reported by other workers (Mary and Remy, 1979, Stanford amd
Smith, 1972; Oyanedel and Rodnguez, 1977) ranged between 0.027 - 0.058 per week at
25 - 35°C. The differences in the values of rate constants reported in this study from the
range given above are due to diflerences in the materials used and the temperatures of

incubation.
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As mentioned in 4.3.1, the improvement in R* and RMSE values of first order E
over classical first order can be attributed to the additional term (Ne) in the former . The
term casily accommodates the mineralizable N in the organic pool with necgative sign
(Table 4.5) which accounted for initial lag in the decomposition process. Comparison of
the theoretical and experimental curves of cumulative net N released also indicated that first

order E is better than simple first order model (Table 4.5 and Fig. 4.3).

TABLE 4.5: GOODNESS-OF-FIT STATISTICS AND PARAMETERS
ESTIMATE FOR COMPARING TIIE KINETIC MODELS
FITTED INTO CUMULATIVE NITROGEN (NI’ + NO,)
RELEASED FROM SOIl. INCUBATED WITH NEEM

CAKE
Model R! |RMSE| No | Ne [ Kk
First order 0.926 | 33.88 | 392 0.196

Firstorder E | 0.978 | 20.03 | 489 |-131]0.324

4.3.4 Synchronization of Net Nitrogen Mingralized with Nitrogen Requirements for

Maize

The N demands by crops must synchronize with the N supply from soil if
maximuem Yyield is to be achieved. This can be demonstrated by caleulating the half life
(t,,) for mincralization of soil incubated with ncem cake. For first érder E model, t,, =

2.13 wecks while it is 3.6 wecks when the classical lirst order model is nsed,
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Since first order E model has proved superior to the unmodified first order model
in this study, t ., of the former would bc used. This t,, has an implication on the timing of
application of neem cake., Maize being a cercal crop with a high N demand hay a critical
period in which N fertilizer must be applied if a bountiful harvest is to be achieved. This
cemcides with the tasseling period (8 weeks afler planting for a maize with a life span of 3

months). Addition of fertilizer after this period does not increase grain yield. Therefore, if
neem cake is to be used as soil amendment it should be added to the soil al least 2! weeks
before tasseling penod (5% weeks afier planting for a maize with a life span of 3 months).
Application of neem cake at this pertod would cnsure the release of half of the potentially

mineratizable N for crop wtilization.

4.4 Green House Studics
4.4.1 Effect of Soil Amendments on Soil Available Phosphorus

The effect of neem cake with and without urca on the soil available P arc shown in
Tables 4.6 and 4.7. At all levels, neem cake does not mineralize enough P required by
maize. All the maize grown in the first cropping session exhibiled P deficiency symptoms
wilh pronounced eficct at lower level of neem cake treatment.

Investigations have shown that the activity of soil P depends on soil pH (Forth,
1978). Increase in soil acidity enhances the aclivity of micronutrients such as Fe, Al and
Mn which in turn fix soluble phosphate as insoluble compounds making them unavailable
1o plants. In this study, soil acidity found to increase with increase in the quantity of cake
applied (Table 4.8). Thus, most of the P that might have been mineralized are converted
to inscluble form. Hence the decrease observed in soil available P with increasing quantity

of neem cake in soil.
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TABLE 4.6: EFFECT OF NEEM CAKE ON SOIL AVAILABLE PHOSPHORUS

AFTER FIRST PLANTING
Cake Levels (kg/ha) Soit Available Phosphorus (mg/kg)
0 1.46 ¢
80 294 a
120 2.05be
240 3.022
480 2.56 ab
960 2.35ab

S.E =0.23
Means with the same letler are not significantly different at 5% confidence level by
DMRT. The Planting lasted for six wecks.

TABLE 4.7: INTERACTIVE EFF¥ECT OF NEEM CAKE AND UREA ON SOIL
AVAILABLE PHOSPHORUS AFTER FIRST PLANTING

3
Urea Levels (kg/ha) | Cake Levels (kg/ha) [Soll Avallable Phosphorus (mg/kg)
40 80 2276
40 120 Li5be
40 240 45]a
40 480 221b
40 960 1.61b
R0 80 205b
80 120 092c¢
80 240 1.83 b
80 480 ] Sl')b
80 960 093¢
S.E. =040

Means with the same letler are not significantly different at 5% confidence level by
DMRT. The planting lasted for six weeks.

"
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TABLE 4.8: EFFECTS OF NEEM CAKE, UREA AND INTERACTIVE EFFECT OF
NEEM CAKE AND UREA ON SOIL ACIDITY AFTER FIRST, SECOND
AND T1ILRD PLANTINGS '

»
Cake Level (kg/ha}|Urea Levels (kg/ha) | <eeerm-rommenems [ e >
First Planting Second [’an]_lng Third !_’Iaullng
0 0 633+ 0.2 502+03 S81 102
80 0 538+ 05 571+0.1 561+03
120 0 5404 04 593+ 0.4 J s.li'ai';(_)jmﬁ_
240 0 529+ 01 585+02 564402
480 0 496+ 0.3 529¢0.1 | 532403
060 0 524402 400401 510102
0 40 556+ 0.1 553+ 9.1’ . 554+01
0 80 5.40¢ 0.2 560402 447402
0 120 522+ 0.2 5.50+03 547+ 0.1
20 10 5321 02 563402 | 566403
120 40 328+ 01 536401 5R1+02
240 40 510 + 03 545+ 0.2 5,60 + 0.3
430 40 509+ 02 50901 5A8+0Q.2
960 40 5,26 + 0.1 512i 02 I3 532 iﬂl
80 80 524104 | SM@r02 | 559302
120 80 494+ 0.2 5.07+01 536+02
240 80 AR8+ 0.3 545 +0.2 550403
RO 80 4R+ 02 489103 543402
960 80 5.06 + 01 S.10+ 0.1 AL+ 0.1

Each planting lasted for six weeks.
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4.4.2 Eflect of Neem Cake on Maize Dry Matter Yield

The main eflects of applicaiton of neem cake on shoot dry matter vield (SDMY)
and root dry matter vield (RDMY) ol maize arc shown in Table 4.9, At cach ol the
planting period, a general increase of SDMY and RDMY with increasing quantity of neem
cake were observed.  Dry matter yield (DMY) obtained when cake was applied at
240kgN/ha and above was betier than when urea was applied at 120kgN/ha (standard

experiment),

The response of maize dry matter vield to application of neem cake in the three
plantings showed significant differences in all the treatments from control vield. Neem
cake applied at 480 and 960kgN/ha significantly increased DMY at all the plantings. The
observed increase in SDMY and RDMY in the second harvest over the first harvest was
due to phosphate (KIL,PO,) added to the soil. The addition was necessary to arrest
deficiency of P noted in the plants during the first cropping. ‘The yield obtained in the third
cropping decreased possibly due to disappearance of more labile organic N and the
predominance of the more recalcitrant organic N, This situation would lead to slow release
of inorganic N, therefore, the lower yield recorded as compared to the first and second

Cropping sessions,

Table 4.9 also shows a general increase in cumulative SDMY and RDMY with
increasing quantity of neem cake applied. The increase in yields obtained in this study is in
agreement with findings of carlier researchers (Abdulrahman, 1989; Tarta, 1994; Agbim
and Adeoye, 1991).
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TABLE 4.9:  MAIN EFFECT OF NEEM CAKE ONDRY MATTER YIELD (g/pot) OF
SHOOT AND ROOT OF NMAIZE

Cake Levels First Planting Second I'anting Fhird PEanting Cumulative
(kg/ha) SDMY | RDMY | SDMY | RDAIY | SDMY | RDMY | SDMY | RDAMY
0 370d 2.53d 500¢ 313¢c ! | Boc i 141 1068 d T09%¢
RO 414¢d | 309cd BOSD 440 b 1.73 ¢ 16]cd _I .'.l.‘\l l;_ :;' ;1 _
120 A467¢ | 353 be 734b | Alth 189¢ loted [ 1390¢ 027h
210 600b | 347 be RS7h ' 106h | 206he 1 75« 1662 h om
120 761a | 420b | 1286a | S4Sa | 240b | 200b | 2280 | 11654
960) o61b 5§10 a 12972 1 158 b 3104 2R3 23100 | 12R1 4
SE. 0.22 031 000 1| 026 ! 01s aar () tary 012

Means with the same letter are not significantly ditferent at 5% confidence level by

DMRT. Each planting lasted 6 weceks.
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4.4.3 Eftect of Urea on Maize Dry Matter Yicld

The etfect of urca on SDMY and RDMY of maize is given on Table 4,10, All the
treatments indicated differences in DAY fiom confrol pot. When viea were applicd at
and 40kgN 'ha, there were no signilicant differences in SDNY and RDNIY at first and
second planting respectively.  Urea lertilizer increased dry matter yiekd when compared
with neem cake applied at corresponding rate possibly due 1o increase in nufrient
availability. The observed increase in yiclds in second harvest over what was obtained at
first harvest was due to KILPO, added. The recommended rate of fertilizer application is

120kgN ha, Urca applicd at 120KgN ha is the standard experiment for this study.

TABLE 4.10: EFFECT OF UREA ON DRY MATTER YIELD (g/pot) OF SHOOT AND
ROOT OV MALZE

Urea Levels Fivst Planting Second Planting I hivd Planting Cumulative
e | gy | komy | somy | roviy | somy | Rowy | soay [roay |
0 376 2.53 500 1 113 1 86 141 10 68 709 l
A0 - 5.06b 3.77b 913b | 472 | 23lab 1 82a 16.50b | 1030a |
| 80 o 6.00a |-li'l;|. 1067 : 132ab 2,39 191 1700a | 10662 :{
120 26 | 336 | 840 | A7 | 180 | 180 | 1517 | 007 |

{ SL 010 0.22 012 l{ 0.19 i 0.11 ol 005 ¢.17 028

Means with the same letter are not significantly different at 5% confidence level by

DNIRT. Each planting lasted 6 weeks.
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4.4.4 Interactive Eflect of Neem Cake and Urea on Dry Matter Yicld of Maize

The interactive effect of urea and ncem cake on the dry maiter yield of maize is
shown on Table 4.11. AL all vates, the interactive cllect of amendiments gave hipher vicld
than treatment without urea and neem cake (Fables 4.9 and 4.10).  Generally, DALY
increascd with increase in the quantity of necem cake applicd when the guantity of urca
applicd was $0kgN/ha, This was not the case when the urea level was maintained at
40kgN/ha,

The interactive elltet of cake and wrea appears to increase soil acidity (Fable 4.8)
with ncgative consequence on notricnt availability.  This might be responsible for
diffcrences obtained in SDMY when cake was applied at dilferent levels compared to
when cotresponding quantity ol cake was applicd in the mixture of cake and urea.
Significant  differences were noted at all levels of cakes when wrea was applied at
80kgh/ha. The increase in DMY at second planting over what was observed at first
planting could be attributed to addition of KELPOY to the soil alier hirst cropping.  ‘The
decrease in SDMY and RDMY noted at third cropping scheme was possibly due to
exhauntion of organic substrate in the soil. DMY of neem cake applicd at 240kgN/ha and
above is higher than standard experiment (urea applied at 120kgN‘ha) irrespective of the

rate at which urea was applied in the intcraction of neem cake and urea.
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TABLE 411 INTERACTIVE EFFECT OF NEEM CAKE AND UREA ON DRY
MATTER YIELD (g/pot) OF SHOOT AND ROOT OF MAIZE

Urea Levels | Cake Levels|  gyst Planting | Second Planting | Third Planting | Cumulathve
(kg ha) (kg ha) __| . FE |
SDAMY  [RDMY [SDMY TRI)'\I\' SDMY [RDMY SDAMY [RDATY
an _ 80 A A6e 133 7051 | 4 A0ah 1 594 1Lated |13 11d | 9 36be
A0 ; 120 a17e | 412be | 7520 | se0a | 185d | 16%a |13 ssed |11 3san
i an : _ _2-!0 5.69cd 3..62-; 7404 3.61h 2.21c 1.74¢ 15.31c | 92.00¢
a0 " 480 7460 | 3stc | 1365 ‘l 572 | 248 | 2150 | 2030 | 114tab
10 960 £ DS S.70ab | 12 81a S 21n LRI 237ah |22 8%ah{ 13 32a
80 80 4.04e 3.70c |10 70be | 5 26a 1.74d 154d 16.48c | 10 50b
—__Rl-l-" o 120 - 1 Hide i 302¢ | 7900 3.57b 2.25c 1,981y 11.76¢ | 9.16h
__80 - i'____2-IIU B ] 6.92b . 367c | 11.6%ab| 473 2.08¢cd 1.58cd | 2061h | 9.98b
80 180 9 S4a S568ab | 13622 | 4 77a 289 | 236ab | 26014a | 1282
_ “-30 _ | ) 6 45bc 641a | 13.17a | 3.89b 3h 281la |229%ab] 1312a
SE 0.8 0.54 1.03 015 026 [ IE_ 1 .86 __r; 73

Means with the same letter are not signilicantly dilferent at 5% confidence level by

DMRT. Each planting lasted 6 weeks.
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4.4.5 Eflect of Neem Cake on Nitrogen Uptake by Maize

‘The N uptakes of shoot (NS) and root (NR) by maize are influenced by addition of
neem cake in the (hree croppings as shown on Table 4,12, In the sccond cropping. NS and
NR were observed to be lower than fust cropping despite in increase in SDAY and
RDNIY recorded.  Addition of KILPO, might have aided uptake ol other nutrients in

addition to uptake of P leading to increase in DNIY

‘The observed increase in nutrient uptake with increase in the quantity of organic
amendment is consistent with the findings of Cheng (1987). Akinvemi and  Akinwale
(1987). Abdultahman (1989) and Tarla (1994). N uptake ol necem cake applicd at

120kgN/ha and above were higher than standard experiment (Tables 4.12 and 1.13).

TABLE 412 EFFECT OF NEEM CAKE ON NITROGEN UPTARE (mg/g) OF
SHOOT AND ROOT OF MAIZE

Cake Levels | First Planting l Second Planting Thivd I"I:lnllng E ('llllll'll.']ll\'t' !
(ke/ma) 1 s NR NS NR | NS | NR | Ns | NR .
0 : 15086 | 11eve | 8300 | sow | vsm 1.__“1 T oo l 25,58
80 l 20.7% | 13904 [ 789 | 032 | 10.52b | 982bc | 099 | 30034 '
120 | 23354 | Jo8% | 119 | Ro1d [ oom | o2 | 1521 | 3iic
210 2013 | 187obe | 1215¢ | o12¢ | 003 ‘ 9 R2he : 12 214 1760
/D | MI8L | 2000 | 118 | 118D IOR.‘nh; N0 | 123 ( 1on |
060 | 3613 |2050ab | 2288 | 1ema | 122a | ro2mab | 023 | 522 |
| se [ o3 [ oe [ oer [ow | om [ om [ om | oo

Means with the same letter are not significantly different at 5% confidence level by

DMRT. Each planting lasted 6 weeks,
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4.4.6  Ltlect ot Urca on Nilrogen uptake by Maize |

The NS and NR as influenced by addition of urea fertilizer are shown in Table
4.13. Sipnificant differences were noted on the treated plants over control expariment, NS
and NR increased with increase in the quantity of urea applied up to %0kgNiha, Urea
application at 40 and 80kgN/Dha improved N uptake at first and second plantings when
compared with neem cake that were applied af 120 and 240kgN/ha respectively (Table

4.12). The ditlerence might be due (o higher available N for plant uptake in the wrca than

in the ncem cake where the N present is organically binded.

4.4.7 Interactive Effect of Neem Cake and Urea on Nitrogen Uptake by Maize

Higher N uptake was recorded in the shoot when neem cake and wrea were
interacted at diflerent levels of treatiment (Table 4.14) than when neem cake or urea alone
were applied at corresponding rates (Tables 4.12 and 4.13). N uplakes were found to
increase with increase in the quantity of neem cake applicd af fixed level of wica. The
insignilicant  diflerences recorded at (lurd planting might be due to exhaulion ol

mineralizable organic pool in the soil. Iranslocation ol N uptake to the shool is likely to be

responsible for the results obtained at lirst planting.

The higher yields and N uplakes obtamed as a resull ol inferaction hetween neem
cake and urea suggests that positive interaction exists between neem cake and wrea. The
synthetic feditizer might have crealed enabling environment for the soil microbes thereby
accelerating the rate of mincralization ol oiganic substrates, thus inhibiting the net
immobilization of nutricnts.  Generally, N uplakes for ol levels of treatment were higher

than standard experiment (Tables 4.14 and 4.13 respeclively).
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TABLE 4.3 EFFECT OF

NEEM CAKE ON

SHOOT AND ROOT OF MAZE

NITROGEN UPTAKE (me/gy OF

Neans with the same letter

Urea Levels | First Planting T Second Planting 1 hivd Planting } Cumulative
(ke/ha) NS |NR ] NS NR NS NRO|ons |
0 1518 | 1160 | 830 sop | og2 | 7os 1 130 l 7558
1t 250sh | 17 anf 1201 | go2b a ﬁ b OSRa | IR S04 l’ I 185
80 27.01a 19420 | 2425 10 59y 10 Soa 0S5 | SI8a | 39S
120 1IRS7 | 1542 I 0R) 606 | 1122 | 702 | 20061 \ 2R S0
SE. 020 040 |' 0.15 021 0n.21 .24 I 0sk | 0od

ate not significantly ditlerent at 5% conlidence level hy

DMRT. Each planting fasted 6 weeks.

TABLE 4.14: INTERACTIVE EFIFECT OF NEEN CAKE AND UREA ON NITROGEN
UPTAKE (ue/eg) OF SHOOT AND ROOT OF MAIZE
Urea Levels | Cake Levels | gy planting | Second Planting | Fhird Planting Cumniative
(kg hav) (kg ha)
NS NIR NS I NR 1 NS ﬁ?\';__ :; | Ni
in 80 1927 137D .67l | 6 11e 10173 | 10178 6 10e : W.67d
A0 120 26.27d 170 [ 122 8 59 982ab | 9.47ab | A7 0cd J 32 23d
1n 210 2877¢ | 20.02a [13 320 | 9.02d 8426 | 912h [0 15k \ 39.25¢
0 480 29.07¢ 21.25a | 1507k . 10lc | 9.82ab 982 | 5395h \ 11 08¢
A 60 62b | 2333 | 2347a [ 1350L | 10520 11.22a | 7023 | 183.050
80 a0 2224 1 16 12b | 7 8% | 7 1087a | 982X [ 41198] § 32 fnd
. Ru. | 120 2592¢ § 2242 } 16.27h 1 9.29:d | 10174 | 8420 | 52.35h 1 {012
0 - 30 | 209% §2ose | rosre | ez Lo saa | a2 | s,
80 480 28 S0¢ 21.72a § 15.07h [ 14 88ak: | 1017 ]V 10822 § 527 | 47120
_ 20 966 Ai17a | 21.72a ] 23470 | 15.77a . 10522 | 9.12h 72153 | 46 fab
_ SE 062 | 130 [ [ esa | ess | ess | en | as

Means with the same letter are not significantly different at 5% confidence level by

DMRT. Each planting lasted 6 weeks,
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CHAPTER FIVE

CONCLUSION

The soil used tor the study have inherently low fertility status.  The fitting of first
order and modilied lisst order rate equations in to laboratory incubation studies data
quantificd the potentially mineralizable N, From the calculated halt lives, cimple first order

and modified first order rate equations indicated that neem cake should be  added to maize
at 41 and 6 wecks after planting (for maize that ftassels at 8th week of planting). It is
therclore suggested that il neem cake is 1o be used as soil amendement, it should be added
to maize at least 53'; weeks atler planting (for a maize that tasscls at 8th week of planting).

This would ensure the release of hall of the potentially mincralizable N for maize utilization

durning reproductive stage,

The use of neem cake. urea and interaction of these increased DAY over control
pot. The DMY increased with increase in the rate ol application of amendments. DAY of
ncem cake apphied at 240kgNha and above were lgher than standard experiment (urea
applicd at 120kgN/ha).  Similarly, the DNMY obtained when cake were applied  at
240kgNha and above were higher than standard experiment irrespective ol the rate at
which urca were applicd in the interaction ol neem cake and urea. N optake sienificantly
increased with nerease in the rate of application of soil amendments oo, All the

amendments used increased soil acidity when compared to control expetiment,

With the rising cost of commercial lertilizers, neem cake which contain about 6.9
N could provide plant nutrients.  However, there will be the need to supplement P through
other sources because of the low content of P released into the sotl from neem cake.
Added 1o this, is the danger of making the soil acidic when large quantitics of the organic

malerials are used. The merease in soil acidity could also lead to mictonutricnts deticiency,

This study is based on green house studics and may not necessarilv give the same
result on the licld.  Therclore, turther studies on the ctfectiveness of using neem cake

under licld condition should be carried out.
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